INTRODUCTION
STUDIES of the genetic responses of a population to extreme or unusual environmental conditions have given valuable information on its variability, adaptive norm, genetic organisation and coherence (Robertson, 1966) .
Strong directional selection is expected to change gene frequencies drastically, generating a high substitutional load (Crow and Kimura, 1963) and disturbing the co-adaptation of the gene pool of the population (Brncic, 1961) . The genetic architecture of a population appears to be changed in various respects to adapt itself to extreme environmental conditions.
Since the classical work of Wagner (1944 Wagner ( , 1949 it has been recognised that natural populations of some Drosophila species have specific food requirements. The extensive experimental work of Da Cunha (1951), Levine (1952) and Dobzhansky and Spassky (1954) with D. pseudoobscura clearly showed intraspecific food preferences related to chromosomal types and the interplay of heterotic and diversifying selection. We do not know the extent of the changes in the natural habitats of Drosophila, especially in decaying fruits, leaves, and fungi, the most common food source of wild species of Drosophila. However, some changes are certainly met by Drosophila during its life cycle specially in the larval stages. Yeast and bacteria are known to 44/I-se 111 change significantly the pH of the food medium in the laboratory (Pavan, 1952; Da Cunha, 1955) . In this and subsequent papers we report the main results of experiments started in 1963, with F1 descendants of Drosophila willistoni sampled in nature.
In this paper we deal with evidence of the adaptive process detected by means of partially independent changes in viability and developmental rate irs population cages with extreme pH medium. Subsequent papers are devoted to observations on incipient sexual isolation, changes of inversion frequencies and esterases allozyme polymorphism.
MATERIALS AND METHODS
In March 1963 a sample of 300 females of Drosophila willistoni was obtained from a semi-isolated wood in a grassland region of the state of Rio Grande do Sul, 50 km south of Porto Alegre, Eldorado, GuaIba County. Another sample of about 500 females was obtained a few days later in a riparian forest at the margins of the river Torto, National Park Brasilia, DF. All these females were distributed singly in well yeasted culture vials and allowed to oviposit for 7 days, at 16°C. A single larva from each vial was used for cytogenetic studies, and the remainder were cultured and transferred to two population cages, one labelled Eldorado and the other Brasilia. In each of these " mother cages " with nearly 3000 individuals, 12 culture vials were introduced every morning and transferred next day to three other cages (four vials each), until 12 vials were obtained per cage (see fig. 1 ). After 5 days of adult emergence in these new cages, the old vials were discarded In the subsequent generations we introduced 12 vials in each cage and the flies were allowed to oviposit for 4 days and then discarded or maintained in the cages with new culture vials to collect larvae for cytogenetic or other experimental studies. From generation 4 the proportion of the extreme pH food cultures was progressively increased in the cages destined to have pH 2 and pH 10. The adults which emerged from the most extreme pH food vials were pooled every day for 5 or 6 days until their total reached 1600 150 individuals measured, without etherisation, in a provette (4 cc). The same technique was used for the maintenance of the median pH 5 food population except that no change in their pH was effected. This is the usual pH of the standard laboratory food. The flies were allowed to oviposit for 4 days and then discarded or maintained in the cages with new culture vials to collect larvae for cytogenetic or other experimental studies.
The populations are designated by the initials B = Brasilia and E = Eldorado, followed by 1 = low pH 2-3, m = median pH 4-5, h = high pH 9-11 and numbered in order: Bl1, Bl2, Bl3, Bm1, Bm2, Bm3, Bh1, Bh2, Bh3, El1, El2, El3, Em1, etc.
The composition of the culture medium is critical in these experiments. We used one developed by Marques et al. (1966) for the pH 4-5 or median population: corn meal 825 g, full wheat flour 375 g, soy bean flour 50 g, brown sugar 775 g, Moldex or Nipagin 50 g, table salt (NaCI, KC1, KI, etc.) 75 g, HC1 0-3 M 575 ml, tap water 7000 ml. To raise the pH in the high cages, hydrochloric acid was replaced by NaOH, glycine, and after the 14th generation by Na3PO4. 1 2H20 as a better buffer. Even with this change the pH of the food dropped within 7 days from pH 11 down to 8 or 7 and sometimes 5 due to bacterial and yeast contaminants. However, the pH of the first 3 days of oviposition was maintained more constant. By increasing the 6 M HC1 to 35 ml in the above recipe we obtained pH 2. However, we had to increase by 200 g the wheat flour to maintain the food consistency. This low pH did not change. In all cultures we used a suspension of boiled baker's yeast in 02 M NaOH for the high pH, in 6 M HCI for the low pH, and in tap water for the median pH populations. The egg-adult viability of median Brasilia and Eldorado populations is higher at pH 4 to 7, declining more sharply toward a low pH than in the opposite direction. It is clear that the populations of Brasilia and Eldorado living on low pH 2 to 3 are still very badly adapted to pH 3, if compared with the median populations (pH 5 level), despite the fact that Eldorado was far more viable at low pH than Brasilia (table 1). The selective progress to adaptation to alkaline medium was apparently faster than toward the extremely acid medium. It is obvious from the table that D. willistoni shows a tolerance for high pH, the viability curves being bimodal. The viability increase of the Brasilia populations living at the high level pH took place without a significant reduction in their ability to survive on the standard pH 5 as can be seen in fig. 2 . A significant t' = 3.93 (P = 0.01), was obtained between the average viability per vial of the median populations and the ones living at pH 10, tested in pH 5.
At the 49th generation a total of 3600 eggs was collected in the three median pH 5 populations of Brasilia and an equal number in the median pH 5 populations of Eldorado. These eggs were distributed in four culture vials withpH 2,pH 3,pH lO,pH ll,pH 12 andpH Sin a total of24 tubes. The populations with pH 3 food were tested in 12 vials, pH 2, pH 3, and pH 5, four vials each, receiving 50 eggs each as in all the others. For the high populations the test tubes had pH 5, 10, 11 and 12. The comparisons have been made directly between the average viability of the median pH 5 populations and the extreme ones. A test showed that all differences are significant ( The observed progress in egg-adult viability was not followed by an increase in the developmental rate. The opposite occurred, the populations that exhibited good viability in the pH 10 at the 49th generation, proved to have a faster development at pH 5 despite their lower viability on that medium. The same can be said about the Brasilia and Eldorado populations adapted to low pH level (all the comparisons were significant at 005 for a Kolmogorov-Smirnoff test). This fact is of special interest. The selective effect that improved viability at extreme pH levels did not increase the speed of development. If the survival at extreme pH was attained at the expense of the ontogenetic rate it should be difficult or even impossible to increase the latter while maintaining a high level of viability. To test this we carried out selection for fast developmental rate from the 94th to the 102nd generation. Two populations for each level ofpH were randomly derived from the original Eldorado and Brasilia populations. To start with, each cage received 900 individuals which were allowed to oviposit for 5 days. The first 900 individuals which eclosed in each cage were used as parents for the next generation. All flies were counted every day for 9 or 10 days from the 1st day of eclosion or until no more flies eclosed. The cumulative percentage of eclosion of selected populations of Brasilia and Eldorado were compared. These unselected populations for extreme pH media had, on the average, a better response to selection for developmental rate than the other populations. However, the high pH populations both from Eldorado and Brasilia, responded to a greater extent to selection for developmental rate than the lowerpH populations. No significant changes in the egg to adult viabilities were detected in these populations. Waddington (1959) demonstrated that, when D. melanogaster larvae were grown for about 20 generations on medium with high salt content, they showed increased adjustment to this substrate. In a careful study, Robertson (1960a, b) analysed selection responses for extreme body size and developmental time on different diets on defined media. Among other significant results he found a positive association between body size and the duration of growth period as a response to minor and specific nutritional variation, while the reverse (negative) association was observed with variation in the diet. Our results showed a negative association between fitness to extreme pH medium and developmental time. Despite the fact that we did not measure these responses with the precision used by Robertson in his experiments, we can see that our results are in the same direction. As expected theoretically by Robertson (1955) , Hiraizumi (1961) found a negative correlation between the fitness components, female fertility and developmental rate. This held only when developmental rate was very high but was reversed (became positively correlated) at lower developmental rates or when less fit, lethal bearing genotypes were studied (Hiraizumi and Crow, 1960) . Hiraizumi (1961) estimated that a 5 per cent reduction in the rate of development involved at least a 15 per cent increase in fertility. Lewontin (1966) suggested, on theoretical grounds, that small absolute changes of 10 per cent in developmental rate are roughly equivalent to large increases of fertility Spiess and Spiess (1966) . Natural populations of Drosophila have proved to have an unsuspected wealth of genetic variability which enable them to develop resistance to extremes of temperature, desiccation, salt concentrations and unusual compounds, like PTC, EDTA, insecticides, etc. (Parsons, 1973) . The possibility of selecting populations previously adjusted for viability, for faster development, on extreme pH food suggests an independent genetic basis for these characteristics, despite the fact that the initial response to selection was an increase of viability which was negatively correlated with developmental rate. This correlation was not reversed nor entirely suppressed by the second phase of the selection experiment. The normal median pH 5 populations always gave better responses to selection for developmental rate than the extreme pH populations.
Discussion
Asymmetrical response to selection in extreme conditions is a common result in Drosophila and other organisms. The only condition to be fulfilled is that natural selection favours one of the extremes, and, consequently natural populations are at or close to a "plateau ". Conversely, if we find that experimental selection on low pH medium is slower than on high pH medium, either in central or marginal populations of D. willistoni, we may conclude that natural food sources are usually acid. However, the significance of such faster adaptive response to very alkaline food obviously depends on the existence of readily available reserve of genetic variability.
We are far from understanding the molecular mechanisms of adaptation to extreme pH medium. We believe that changing the pH optimum of many enzymes directly responsible for the metabolism of food may be involved in this adaptive process.
